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INTRODUCTION 


Recent investigations both in Europe and America have shown that the percentage of 
service failures in machine parts caused by fatigue is as high as 80 to 95 per cent. 
Consequently, all equipment and machinery liable to be subjected to any kind of 
vibration, rotation or repeated shock loads must be properly designed to resist fatigue. 
The fatigue strength of a machine part is influenced by a number of factors. Some of 
these can be related to the behaviour of the load on the machine part and conse- 
quently to the stresses in the part. The stress factors include, for example, the magni- 
tude of steady and alternating stresses and their variations with time, the frequency 
of the alternating stresses and the periodicity with which these stresses occur. Another 
group of factors can be associated with the shape and size of a machine part. This 
group is dominated by the notch effect, which occurs as a result of the shape of the 
part, as, for example, in fillets, around holes, in grooves. Furthermore, the notch effect 
occurs in the surface layer because of the profile depth in the surface. The relationship 
between the fatigue strength and the absolute size of the cross-section is also associated 
with this group. A third group can be related to the state prevailing around the part. 
This refers above all to the influence of the temperature and the possible presence of 
corrosive media. Finally, the nature of the material used for the part and the state of 
this material will influence the fatigue strength. Such factors as surface treatment for 
providing protection against corrosion should also be reckoned upon in this case. 


The influencing factors described above can naturally be classified in many different 
ways, and the simplification made here is not quite correct, since the different factors 
are often related with one another. Thus, for example, the notch effect due to the 
shaping of the part is not merely dependent on its shape but also on the material 
used, This means that one and the same shape will have a different notch effect for 
different materials. 


Unfortunately the origin and nature of fatigue are not yet sufficiently well known to 
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enable the effect of a certain factor to be predicted exactly. This means that despite 
comprehensive investigations carried out over more than one century it is still necessary 
to rely entirely on empirical results. In this respect, the greatest interest has been 
devoted to the notch effect as influenced by the shaping of a part and its surface 
finish. Several theories for determining the notch effect have been propounded on the 
basis of comprehensive tests. An account is given in this paper of an attemnt to select 
the most valuable of these theories and to estimate its accuracy. 


The material in this paper was presented, in 1957, in a preliminary form as a technical 
memorandum at Asea, Vasteras, Sweden. Since then, some further information has 
been obtained concerning the notch effect in steel from a number of tests which have 
been performed at the Asea laboratories in Vasteras and Stockholm. These tests have 
been based on the results from the first investigation, and the test results have been 
included in this paper. 


DEFINITIONS AND SYMBOLS 


The following symbols and designations will be used in this paper. 
maximum peak stress in a notch 
nominal stress in a notch 
In English-speaking countries the factor @ is usually represented by K; or K. 
fatigue strength of unnotched specimen at N cycles 
fatigue strength of notched specimen at N cycles 
In this paper N = 107 cycles. In English-speaking countries the factor f is 
usually represented by Ky. 
ess += estimated notch factor 
Bexp = experimentally determined notch factor 
= notch sensitivity 
x = surface-finish fatigue factor = 
i fatigue strength of specimen with rough surface finish [64] 
fatigue strength of similar specimen, but polished ’ 
4 = dimensional fatigue factor = 
__ fatigue strength of specimen of d mm diam. 
~~ fatigue strength of specimen of 10 mm diam. 
= radius of curvature at the base of the notch, in mm 
= material constant, used by Neuber _ 
= best estimate of dispersion in (C - L) 
= ultimate strength of material, in kg/mm? 
c = best estimate of dispersion in strength 
op = fatigue strength 
o. = best estimate of dispersion of load 
os = yield point, in kg/mm? 
oc? = best estimate of variance 


a = theoretical stress-concentration factor = 


8B = fatigue-notch factor = 


; [47] 


X% = Stress gradient = * x ae in mm”! [5, 8, etc.] 

w = flank angle 

41,4 material constants, used in Heywood's theory 

C = strength 

d = minimum diameter at the root of the notch, in mm 
d, = diameter of transverse hole, in mm 

D = maximum diameter adjacent to the notch, in mm 
F = variance ratio 

H_ = Vickers hardness, in kg/mm? 

ix = internal notch-effect factor 

k, = material constant 

L = load 

n = f(x), used in the theory of Siebel and Stieler 


0% = surface-condition factor, used in Petersen's theory 
p = significance level, probability 

t = depth of notch, in mm 

xX = Bexp 


THE FATIGUE-NOTCH FACTOR £ 


The theoretical stress-concentration factor @ is a measure of the disturbances in the 
flow of the lines of forces occurring in a notch. It can be determined mathematically 
by means of conventional theories of elasticity, in which the material is assumed to 
be elastic, homogeneous and isotropic. In practice, however, @ is often determined by 
measuring the stresses with strain gauges or by means of photoelastic investigations. 


The fatigue-notch factor # denotes the influence of @ on the fatigue strength of a 
part with a notch. The factor f is less than the factor @. As has already been men- 
tioned, the difference is due to, amongst other factors, the quality of the steel, the 
magnitude of @ and the type of stress. The differences may sometimes be consider- 
able; in extreme cases # amounts to only about 1/10 of a. The fatigue-notch factor 
B cannot be determined exactly, but it is apparent from the above that an estimated 
value of § must be found, since dimensions based on @ would obviously give excessively 
large dimensions. Naturally, it would prove impossible to determine f by testing all 
possible combinations of size and material. Instead, a number of theories have been 
put forward according to which it is possible to calculate from @ and suitable 
material constants. Several of these theories are briefly described in the following. 
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Fig. 1. The fatigue-notch factor, B, as a function of the theoretical stress-concentration factor, 
a, according to Liljeblad (L). 


DIFFERENT THEORIES FOR THE DETERMINATION OF f 
Theory of Liljeblad (L) [1] 
In this theory the relationship between @ and # is obtained from a series of curves 


based on experiments carried out at Asea. These experiments were started in 1923, 
and the first results were published in 1926 [1]. The curves are shown in Fig. 1. 


Theory of Neuber (N) [2] 

In this theory the relationship between @ and f is obtained from the equation 
6 =1+(a-1), where 7 is assumed to be a material constant called notch sensi- 
tivity. The value of 7 always lies between zero and unity. In the case of a certain 


material subjected to a certain stress concentration, 7 is calculated from the following 
formula 


1 
1+— 
n-@} © 
Neuber calls e* “Elementarradius” for the material and gives the value 0° = 0.48 mm 
for carbon steel. 


Theory of R. E. Peterson et al. (REP) [3] 

According to this theory # is determined in the same manner as in Neuber’s theory 
with the exception that 7 is a function merely of the radius of the notch. One rela- 
tionship is obtained for hardened and tempered materials and another one for annealed 
and normalised materials (see Fig. 2). 


as 

0 0.2 
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Fig. 2. Notch sensitivity, n, as a function of the curvature at the base of the notch, @, accord- 
ing to R. E. Peterson (REP). 


1 Hardened and tempered steel 
2 Annealed or normalised steel 
The curves are valid for t/o < 3, where t = notch depth. 


Theory of Bollenrath and Troost (B and T) [4] 
From their experimental results Bollenrath and Troost have set forth the following 


formula 
oB 
137 


Theory of C. Petersen (CP) [5, 6,7] 
According to this theory 8 always denotes the ratio between the fatigue strengths for 
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a smooth tension-compression bar and a bar with stress concentrations. This factor is 
the largest of the following expressions 


ip + on + 
In these expressions 


i, is a factor dependent on the “internal effect”, and is obtained from the diagram 
shown in Fig. 3. 


o, is a factor dependent on the surface condition. The values of the factor o 
according to C. Petersen are: 


0.6-0.4 for steel with rolling skin, forging skin or annealing scale with insignificant 
surface decarburisation. 


0.3-0.2 for steel with rolling skin, forging skin or mill scale with pronounced 
surface decarburisation. 


For steel with machined surface, = of +(1 
B 


In the above expression 

ok =1.10-0.95 for polished finish 
= 0.95-0.90 for finely ground finish 
= 0.90-0.80 for ground finish 
= 0.85-0.75 for smooth-turned finish 
= 0.75-0.65 for rough-turned finish 


k, is a material constant which can be calculated with sufficient accuracy from the 
formula k, = 1600/H?, where H is hardness, in kg/mm?, according to Vickers. 
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a function of the true contraction of the 

Fs material, Wy, which has been determined 

10 a from the following formulae: 
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Fig. 3. The internal notch-effect factor, i,, 
07 according to C. Petersen (CP). 
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The stress gradient x is defined by the following expressions: 


$ for hollow shaft with transverse hole (d, = diameter of hole, in mm) 
1 
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2 for tension-compression (9 = radius of notch, in mm) 
+ for bending 
—+-— for torsion 
o d 
> for shaft with transverse hole 
1 
3 + ie for shaft with fillet 
o D+d 
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Stieler (S and S). ' 
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Theory of Siebel and Stieler (S and S) [8] 

As is the case with C. Petersen, # in this theory denotes the ratio between the fatigue 
strength for a smooth tension-compression bar and the fatigue strength for a bar with 
stress concentrations. The authors use the relationship a = nf, where n for a certain 
material is a function of the stress gradient x. The factor n has been determined for 
different materials and stress gradients, and the curves in Fig. 4 give mean values of 
the results. 6g denotes the ultimate strength, in kg/mm?, and 6, denotes the yield 
point for 0.2 per cent permanent strain, given in kg/mm?. 


Neuber’s theory modified by Moore (M) [11] 
Moore suggests that the Neuber constant @* should be calculated from the formula 


3 
= 02(1 (1 
oB d 


In this formula d is the diameter, in inches, of the specimen at the root of the notch. 


Neuber’s theory modified by Kuhn and Hardrath (N and K) [10] 

According to investigations carried out at the NACA (National Advisory Committee 
for Aeronautics), Neuber’s theory should be modified in the following manner: 0° is 
not a constant, but a function of the ultimate strength. The diagram in Fig. 5 gives 
the results from an experiment performed to determine this relationship from values 
of @* obtained from a large number of tests on specimens of varying form. In addi- 
tion, it has been discovered that the factor 7/(™-w) exaggerates the effect of the 
notch angle. Kuhn and Hardrath recommend that this factor should be deleted. 


Neuber’s theory modified by Heywood (N and H) [12] 
Starting with a formula 


p=(e+/2)/(1 +/2) which was given by Neuber in a preliminary stage of 


development of his formula, Heywood evaluated two new formulae, namely 


and 


where a; and ay are material constants of the same kind as Kuhn's and Hardrath’s 
constant @*, which is dependent on the tensile strength of the material. The values 
of a, and ay that were suggested by Heywood are given by the curves “Heywood 1” 
an “Heywood 2” in Fig. 5. In the following, only the latter expression for # is used, 
since this is the more accurate one. 
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Fig. 5. Neuber’s material constant, 0°, as a function of the ultimate strength, op. 
1, 2 Neuber-Heywood theory (N and H) 
3.  Neuber-Kuhn theory (N and K) 


A COMPARISON OF THE THEORIES 


Several of the theories described in this paper for determining # have been checked 
by their respective authors, who have compared the estimated notch factor Bess and 
an experimentally determined notch factor exp. The agreement between fexp and 
Bese was good in several cases. On the whole, however, the different authors have 
not applied the same experimental data in their comparisons, and thus the theories can 
hardly be considered as having been collated with one another. If Aes: is determined 
for one and the same material with one and the same geometrical shape according to 
the different theories, considerable variations in the value of fess are obtained. It 
was therefore decided to apply the same experimental data to the different theories 
in order to arrive at an unequivocal comparison between the theories. An exact 
theory should consequently give Pexp= Bess, or a factor X = Bexp/Besr= 1. Since Bexp 
is obtained by dividing two empirically determined fatigue limits, each subject to 
a slight dispersion, and since /,s: is not exact, it follows then that the X-values 
will also have a dispersion. The best theory was considered to be the one that yielded 
the least dispersion in X and where the mean value of X was as near to unity 
as possible. It would be possible, however, to make a correction for the mean value 
of X by selecting a suitable correction factor. 


A summary was made of a large number of results published in the literature covering 
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SJ 4 Smooth-turned, 6- 16u 
5 Rough-turned, 100u 
6 Remaining rolling or forging skin 
PS he 7 Corrosion in fresh water 
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Fig. 6. Diagram of the surface-finish fatigue 
factor, x, according to Lehr. 
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Bexp in order to obtain a basis for the comparison. In all, more than 1000 /xp-values 

were obtained. These have been determined for a life of 106 <N < 107 load cycles 

to fracture. As a rule, the fatigue strengths have been determined according to the 

Wohler method. The number of specimens included in the Wéhler curves has varied 

considerably, namely from 2 or 3 bars up to about 30 bars per curve. 


The formulae for 6.5: also include a. Since @ in many cases is an empirical value, the 
X-value will also be dependent on the accuracy with which @ has been determined. 
Throughout the investigation one and the same value of @ has been used for each 
type of bar, whereas fs; has been calculated according to the different theories. As 
a rule, a has been determined according to curves and diagrams based on results from 
accurate measurements of a made at the MPA (Materialpriifungsanstalt), Darmstadt 
[13, 78]. In some cases, a-values according to Neuber [2] or R. E. Peterson [3] were 
used. 


In the published experimental results the smooth test specimens and those with stress 
concentrations have occasionally had differing profile depths. In order to prevent this 
factor from increasing the dispersion in X, the experimentally determined fatigue 
limits have been recalculated so as to apply to a polished surface. In doing this 
according to Lehr has been adopted (see the diagram in Fig. 6). 
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Fig. 7. The dimensional 
fatigue factor, i, during 
bending or torsion as a 
function of the absolute 
size according to Lehr. 
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In some cases, the size of the smooth bars and bars with stress concentrations has 
differed, and this has been corrected by means of the dimensional fatigue factor, 4, 


in Fig. 7. 


When the fatigue-limit values for smooth bars which have been subjected to tension- 
compression were not available in the literature, these values have been taken from 


other sources [13, 15-17]. 


A complete comparison between the nine theories described above covering all the 
1000 £.xp-values would imply, amongst other things, that more than 9000 £,5:-values 
would have to be determined. A preliminary comparison was made first of all so 
as to try to lessen the computing work. This was done in such a way that about 


TABLE 1 


Stress concentration Type of stress 

Tension Bending Torsion 
Groove 16 59 - 
Transverse hole 13 27 5 
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150 £.xp-values were selected at random from tests made on commonly used norma- 
lised or annealed carbon steels. These values were obtained from the references 
[18-32] and were distributed in the manner presented in Table 1. 


One f,s:-value was determined for each fexp-value according to each of the different 
theories. After this, the corresponding X-value (X = Pexp/B es: ) was determined. The 
results were then compiled in the form of histograms (Figs. 10-18) in order to make 
them easier to survey. The sum of the columns in the histograms is always equal to 
100 per cent, even if the number of bars varies. As can be seen from the histograms, 
none of the theories is in any way exact, the dispersion in some cases being con- 
siderable and the mean value occasionally being rather far from unity. 


As has already been mentioned, the best theory was considered to be the one that 
yielded the least dispersion in X. In order to be able to judge whether the divergences 
of the various theories can be attributed to randomness or whether there are any 
significant deviations between them, a variance ratio test, often referred to as the 
F-test, was applied. This is based on a comparison between normal distributions, and 
for this purpose an unknown error is introduced in the comparison, since certain of 
the histograms display considerable deviations from a normal distribution. 


When performing an F-test, the hypothesis is put forward that two compared histo- 
grams represent experimental series from the same unknown normally distributed 
parent population. When establishing the validity of this assumption, the best estimate 
of the variance of the two histograms is calculated, by applying the following expression 
_x ) where 
n-l\ n n 

The ratio between the larger and the smaller variance of the two histograms is 
calculated and termed the variance ratio or F. Tables have been compiled showing the 
value of F which will be exceeded with a given degree of probability for various 
sample sizes. If the calculated value of F is greater than that given in a particular 
table, then the probability of the two variances being derived from the same unknown 
parent population would be less than the significance level p of such a table. If this 
probability, p, is very small, the hypothesis can be declared invalid, and it can be 
asserted that the variances of the two compared histograms differ significantly. 


The means (x ) and the variances of the nine histograms have been calculated and are 
shown in Table 2 together with the number of f-x»-values in each histogram. 


Of all the histograms which have been compared that of Fig. 18 (Neuber-Heywood) 
possesses the least variance and has been tested against each of the other histograms. 
The result of the test can be seen in Table 2. The levels of significance of the cor- 
responding variance ratios are denoted in the Table. 


When studying the results from Table 2, the following conclusions can be drawn. The 
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theory of Neuber and Heywood has such a small dispersion in comparison with those 
obtained with the theories of Liljeblad, Bollenrath and Troost, C. Petersen, and Siebel 
and Stieler that the assumption that they all belong to the same parent population 
can be rejected. The variance ratio test does not prove, however, that the Neuber and 
Heywood theory is in any way superior to the other theories, since the differences in 
the dispersion may be due to other factors that have not yet been brought to light. 


It has been assumed nevertheless in the following that the difference in the variance 
between the different histograms is due to the diverging accuracy of the different 
theories, and that therefore the theory giving evidence of the best results during the 
test is selected. For this reason, therefore, the “REP”-theory was excluded, even if the 
value for F does not have a higher significance level than one per cent. 


The remaining four histograms, that is to say, those which exhibited the least disper- 
sion and which, according to the test, are derived from the same mother distribution, 
are all based on Neuber’s theory. Among these four, Kuhn’s and Heywood’s modifica- 
tions result in a reduction in the dispersion, whereas Moore’s theory yields an increase 
in the dispersion in relation to Neuber’s original theory. These variations may be due, 
however, purely to chance and a new test can possibly give quite a different result. 
Neuber’s theory and Kuhn's modification of it will involve, however, less calculation 
work than the other theories having the same reliability and might therefore be 
preferred. 


If any of these theories is to be used when dimensioning machine parts subject to 
fatigue, the dispersion occurring during the calculation work owing to the uncertainty 
of the theory must be taken into consideration with a suitable factor of safety. The 
test described up to now was performed on about 150 exp -values. As has already 
been mentioned, 1000 f,x» -values in all were found in the literature. Since a statistical 
investigation tends to give more reliable results the greater the population on which 
it is carried out, it was considered desirable to extend the comparison between the 
theories to the entire population, but at the same time to limit it to the three best 
theories “N”, “N and K” and “N and H”. 


When making the comparison, it was thought desirable to divide up the material into 
two groups, namely ordinary carbon steels in a normalised or annealed state, and 
alloyed and hardened steels. The former category contained 481 bars distributed as 
shown in Table 3. Aes: and X were calculated with this population for the three 
theories. 


The population of alloyed and hardened steels comprised in all 532 bars, distributed 
as shown in Table 4. fess and X were calculated with this population only for the 
“N and K”, and the “N and H”, theories, since the “N”-theory applies merely to 
carbon steels. (Neuber’s constant @” is given only for ordinary carbon steels.) 
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Fig. 8. The ultimate strength, 
Gp, as a function of the yield 
point, og. 


os, kg/mm? 


Before comparing these populations, however, a modification of the Neuber-Kuhn 
theory will be described briefly. 


MODIFICATION OF THE NEUBER-KUHN THEORY 


As has already been mentioned, Kuhn’s modification of Neuber’s original theory 
implies that the material constant @* is replaced by @* as a function of the ultimate 
strength (43) of the material. Later on, Heywood modified Neuber’s formula, giving 
a relationship, @* = f(0g), similar to that proposed by Kuhn. 


The comparison hitherto made between these theories and other theories appears to 
confirm the validity of this modification, even though the improvement as such is 
very small. It has been assumed in several papers that a fatigue fracture occurs as a 
consequence of small plastic deformations in the surface layer of the material under 
strain, that is to say, something which should be more closely related to the behaviour 
of the material at the yield point (os) than at the ultimate strength (03). The 
following experiment was made on the basis of this assumption to attempt to relate 
the material constant e* with the yield point (0s). 
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Fig. 9. Relationship between Neuber's material constant, o*, and the yield point, o., for bars 
with 0.9< X <1.0. 


From the two populations of X-values obtained from Tables 3 and 4 resulting from 
the application of the Neuber-Kuhn and the Neuber-Heywood theories (in all about 
1000 values) a selection was made, on the one hand, of a number of X-values within 
the interval 0.9 < X < 1.0, i.e., having good agreement between fexp and Pes, and 
on the other hand, of a number of X-values, where X < 0.5, i. e., with bad agreement 
between f,xp and Bs. Each of these X-values is naturally associated with a certain 
combination of 0g, and ds, values, which are characteristic for the corresponding 
material. These 0g, and 0s, values have been plotted in a diagram with os as the 
abscissa and 0, as the ordinate (Fig. 8, valid for the Neuber-Kuhn theory). The group 
of good X-values is designated with dots and the group of inferior X-values with 
circles. As can be seen, there appears to be a slight difference in the relationship 
between the yield point and the ultimate strength for the two categories. A similar 
family of points was obtained for the Neuber-Heywood theory, but this is not shown 
here. The following modification of the Neuber-Kuhn and the Neuber-Heywood 
theories was made to elucidate whether this difference had any significance. 
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Figs. 10-18. Dispersion in X according to different theories. 
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TABLE 2 
Theory L N REP | Band T CP Sand S | N and M/ N and K| N andH 
Histogram Fig. | 10 ll 12 13 14 15 16 17 18 
Number of bars | 133 145 149 59 132 132 150 152 150 
Mean, X 1.245 | 0.920 |0.937 |1.004 {0.939 {0.765 |0.851 | 0.836 | 0.855 
Variance, 6? 0.0354 | 0.0196 | 0.0261 | 0.0557 | 0.0352 | 0.0334 | 0.0220 | 0.0183 | 0.0180 
F 1.97 1.09 |1.45 /|3.20 1.96 1.86 1.23 1.02 
p <0.05| ~30 |=1 < 0.05 | < 0.05} < 0.05|}~10 | =40 
TABLE 3 
Stress concentration Type of stress 
Tension Bending Torsion 
Groove 29 248 9 
Fillet 1 63 17 
Transverse hole 58 51 
TABLE 4 7 P 
Stress concentration 
Tension Bending Torsion 
Groove 106 193 12 
Fillet 7 64 24 
Transverse hole 144 56 39 


A regression line was drawn in the diagram, Fig. 8, through the points from the 
interval 0.9 < X < 1.0, and, on the basis of this regression line 0* = f(o3) was 
recalculated to 9* = f(¢s), which is illustrated in the diagram in Fig. 9. The values 
obtained for the bars in Tables 1, 3 and 4 were then recalculated according to this 
modification of the Neuber-Kuhn theory, called “NKS” and to a similar modifica- 
tion of the Neuber-Heywood theory, called “NHS”, where “S” denotes the yield 
point. The results from the first table are given in Figs. 19 and 20. 


A NEW COMPARISON OF THE THEORIES 


The values of X and 6? were determined for the histograms in Figs. 19 and 20 in the 
usual manner. It was found that the variance for the “NKS”-theory is less than that 
for any of the other theories, the “NHS”-theory included. Since it is already apparent 
from Table 2 that the theory of “N and H” is significantly better than that of “L”, 
or “REP” or “B and T”, or “CP”, or “S and S”, the “NKS”, and the “NHS”, theories 
must also naturally be significantly better than these. It was therefore considered 
unnecessary to compare the “NKS”, and the “NHS”, theories with these, but only 
with the theories of “N”, “N and M”, “N and K”, and “N and H”. The results of 
this comparison are shown in Table 5. 
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From this Table it is evident at once that the “REP”-theory can be disregarded in 
comparison with the “NKS”-theory, since p= 0.1 per cent. Further, it may be 
possible to disregard the “N and M”-theory in comparison with the “NKS”-theory 
(p being 2.5 per cent). 


The “NHS”-theory yields a very small reduction in 6? in comparison with the “N 
and H”-theory (6? = 0.0173 instead of 0.0180). In addition, since the “NKS”-theory 
gives a smaller dispersion than the “NHS”-theory, the “NHS”-theory can be disregarded 
with good justification when making the general comparison of the theories. This means 
that only the theories of “N”, “N and K”, “N and H”, and “NKS”, are left. In the 
comparison the “NKS”-theory has displayed the least dispersion of the three theories, 
but this may be merely due to chance, as Table 5 shows. A fresh attempt was made 
to distinguish between the three theories by using the populations in Tables 3 and 4. 
The histograms of the results for Table 3 are shown in Figs. 21-24, and for Table 4 
in Figs. 25-27. As previously, X and 02 were determined for all these histograms, and 
the results were compared by means of a variance ratio test (see Table 6). 


As is apparent from Table 6, the “N”-theory and not as before the “NKS”-theory 
displays the smallest dispersion. The “N”-theory was compared in the usual manner 
with the other six histograms. The significance levels indicate that there is a difference 
in dispersion between the “N”-theory and the “N and H”-theory. Furthermore, the 
difference between the “N”-theory and the “N and K”-theory for hardened steels 
might not be attributed to chance. As can be seen, the variances have increased con- 
siderably for the population according to Table 3 in comparison with the population 
according’ to Table 2. For this reason, therefore, the histograms were compared, two 
and two, so that the variances of the histograms in Figs. 11 and 21 were compared, 
as were also the variances of Figs. 17 and 22, 18 and 23, and 19 and 24. The resultant 
F-values were 1.38, 1.61, 1.88 and 1.74, and the corresponding significance levels, p, 
were 1.1, 0.01, 0.05 and 0.01 per cent. This consequently means that the test has shown 
that for all these three theories the larger population resulted in such a poorer 
agreement between f,xp) and £,s; that the difference is significant. Possible explana- 
tions of this may be that the three theories (which only differ from one another in 


TABLE 5 

Theory N REP N and M N and K N and H NKS NHS 
Histogram, Fig. | 11 12 16 17 18 19 20 
Number of bars | 145 149 150 152 150 153 150 
Mean, X 0.920 0.937 0.851 0.836 0.855 0.834 0.849 
Variance, 6? 0.0196 | 0.0261 0.0220 | 0.0183 | 0.0180 | 0.0161 0.0173 
F 1.22 1.62 1.37 1.14 132 ‘. 1.08 
p 11 0.1 22 25 32 
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Fig.24.Total number of bars=476. Fig. 25. Total number of bars=510. Fig.26. Total number of bars=SI8. 


% 
Fr 984 


Fig. 21. Neuber (N) 

Fig. 22. Neuber-Kuhn (N and K) | Non-hardened 40 
Fig. 23. Neuber-Heywood (N and H) {| steels 0 
Fig. 24. Modified Neuber-Kuhn (NKS) ~—? 


Fig. 25. Neuber-Kuhn (N and K) 20 

Fig. 26. Neuber-Heywood (N and H) Hardened steels 19 

Fig. 27. Modified Neuber-Kuhn (NKS) 

according to Lehr. 0 6s 10 «18:20 


Fig.27.Total number of bars= 493. 
Figs. 21-27. Dispersion in X according to different theories. 


TABLE 6 
Non-hardened steels Hardened steels 
Theory 

N NandK | NandH NKS NandK | NandH NKS 
Histogram, Fig. | 21 22 23 24 25 26 27 
Number of bars | 427 446 414 476 510 518 493 
Mean, X 0.866 0.777 0.792 0.791 0.775 0.786 0.784 
Variance, 6? 0.0271 0.0296 0.0338 0.0280 0.0315 | 0.0367 0.0293 
F 7 1.09 1.25 1.035 1.16 1.35 1.08 
p . 18 15 35 7 0.05 22 


| 
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certain details) yield a varying accuracy in fs: for different types of stress concentra- 
tion, for different types of fatigue stress, for different test-bar dimensions, for different 
qualities of material etc., or that a certain proportion of the f-xp-values included in 
the enlarged population has been determined with such less accuracy that this has 
influenced the variance of X. An attempt to investigate the influence of the factors 
mentioned above was therefore made, and it was decided to limit the investigation to 
the “NKS”-theory, since this had proved to be slightly more reliable than the “N and 
K”-theory and the “N and H”-theory and, unlike the “N”-theory, it also applies to 
hardened steels. 


FACTORS INFLUENCING THE “NKS’” THEORY 


Different types of stress concentration 


The following comparison was made in order to investigate in a more clear way 
whether different types of stress concentration might exert a differing influence on 
the dispersion in X. The populations in Tables 3 and 4 were each divided into three 
groups, namely all bars with groove, all bars with fillet and all bars with transverse 
hole. The histograms are reproduced in Figs. 28-33. The mean value of X and the 
variance 6? have been determined and the histograms compared with the aid of the 
variance ratio test (Table 7). 


Table 7 shows that the dispersion varies considerably. The variations are not, however, 
clear-cut. Thus, for example, the largest and the smallest dispersions occur with the 
same type of notch, that is to say, with test bars having a fillet. It is also apparent 
from the test that the population with the smallest dispersion cannot be considered 
as originating from the same parent distribution as the others. It is hardly possible 
on the basis of the test to reject one or other type of notch for having a larger disper- 
sion in X than the others. This is scarcely to be expected, since the theoretical stress- 
concentration factors @ are determined in the same manner for the different types of 
notch and since f is determined according to the same formula. A possible tendency 
towards greater dispersion in the hardened steels than in the non-hardened qualities 
may be discerned. 


Different types of stress 


The following comparison was made between the different types of loading in order 
to obtain an idea of how various types of stress influence the dispersion in the X- 
value. The bars of hardened and non-hardened steels, respectively, were divided into 
three groups, namely bars subjected to tension-compression, bending and torsion 
stresses. The six histograms are given in Figs. 34-39. As usual, the mean and the 
variance were calculated and the results are shown in Table 8. 
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Figs. 28-33. Dispersion in X according to the modified Neuber-Kuhn theory (NKS) for 
different types of stress concentration. 
Figs. 28-30. Non-hardened steels 
Figs. 31-33. Hardened steels 
x according to Lehr. 


TABLE 7 

Material Non-hardened steels Hardened steels 

Theory NKS NKS NKS NKS NKS NKS 
Stress concentration Groove Fillet Hole Groove Fillet Hole 
Histogram, Fig. 28 29 30 31 32 33 
Number of bars 239 65 98 279 78 114 
Mean, X 0.800 0.905 0.803 0.745 0.862 0.805 
Variance, 6? 0.0215 0.0103 0.0184 0.0260 0.0415 0.0197 
F 2.08 b> 1.78 2.57 4.03 1.9 
p 0.05 i 0.7 0.05 0.05 0.25 


Two variance ratio tests were performed. As can be seen from these tests, it is not 
possible to detect any tendency towards increased dispersion in X for any of the 
different types of loading. As usual, however, the hardened and non-hardened steels 
differ from one another. 
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bars Fr bars 
100 991 100 Fr 993 
50 50 
X=0.78 
X=0.84 
Fig. 34. Tension-compression Fig. 35. Bending. Fig. 36. Torsion. 
bars bars bars 
100 r 994 100 Fr 995 100 Fr 996 
X=0.75 
50 50 
X=083 
X=0.82— 
Fig. 37, Tension—compression Fig. 38. Bending. Fig. 39. Torsion. 


Figs. 34-39. Dispersion in X according to the modified Neuber-Kuhn theory (NKS) for 
different types of stress. 


Figs. 34-36. Non-hardened steels. Figs. 37-39. Hardened steels. x according to Lehr. 


TABLE 8 

Material Non-hardened steels Hardened steels 

Theory NKS NKS NKS NKS NKS NKS 

Stress Tension Bending Torsion Tension Bending Torsion 
Histogram, Fig. 34 35 36 37 38 39 
Number of bars | 73 302 27 112 285 74 
Mean, X 0.784 0.822 0.839 0.825 0.754 0.824 
Variance, 6? 0.0198 0.0190 0.0203 0.0221 0.0276 0.0310 
F 1.04 . 1.07 1.16 1.45 1.64 
p 40 . 40 17 0.1 0.2 
p ‘ad 10 5 


Different test-bar dimensions 


Since the absolute size according to Lehr has a considerable influence on the fatigue 
limit, it might be expected that the dispersion in X could vary with the dimensions of 
the test specimens. In order to investigate whether this was the case, the popula- 
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Fig. 40. d=5 mm. Fig. 41. 5<d=10 mm. Fig. 42. 10<d=20 mm. 
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Fig. 43,20<d=40 mm. Fig. 44.40<d=100 mm. Fig. 45. d>100 mm. 


Figs. 40-45. Dispersion in X according to the modified Neuber-Kuhn theory (NKS) for 
different test-bar dimensions. Non-hardened steels. 


x according to Lehr. 


TABLE 9 
Non-hardened steels 

NKS | NKS | NKS NKS 
Diameter, mm 10<d520| 20<d=40| 40<d=100 
Histogram, Fig. 40 41 42 43 44 
Number of bars 30 210 101 29 27 
Mean, X 0.827 0.820 0.797 0.802 0.902 
Variance, 6? 0.0078 0.0214 0.0221 0.0129 0.0173 
F -- 1.03 1.67 1.24 
p 40 2 20 


tions in Tables 3 and 4 were divided according to size into the following groups: 
d<5 mm, 5<d<10 mm, 10<d<20 mm, 20<d<40 mm, 40<d< 100 mm, 
and d > 100 mm. A histogram was formed for each group in the normal manner, and 
the mean and the variance were calculated as usual. The histograms are shown in Figs. 
40-50. The results of the variance ratio test for certain of these histograms are to be 
found in Tables 9 and 10. 
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50 50 Figs. 46-50. Dispersion in X 
according to the modified Neu- 
ber-Kuhn theory (NKS) for dif- 

X=088 ferent test-bar dimensions. Har- 
so dened steels. 

0 05 0 05 10 15 X 

Fig. 49. 20<d= 40 mm. Fig. 50.40<d=100 mm. 

Hardened steels TABLE 10 
Method 
NKS NKS | NKS 

Diameter, mm ass 5<d210|10<d=20 
Histogram, Fig. 46 47 48 
Number of bars 34 335 92 
Mean, X 0.794 0.747 0.892 
Variance, 6? 0.0089 0.0268 0.0444 
F 2.6 
0.05 
F 3.0 
p 0.05 


The results obtained with the variance ratio test must be considered as being very 
uncertain, since the histograms in many cases deviate to a great extent from a normal 
distribution. It might be possible, nevertheless, to divide the population into two groups 
with significantly varying dispersions in relation to one another. The limit lies at a bar 
diameter of about 5 mm; the variance below this diameter is significantly less than 
above. The variance is significantly greater for bars of hardened steel having a dia- 
meter of 10-20 mm than for bars having a diameter of 5-10 mm. In the case of non- 
hardened steels, however, the variance is less in the groups 20 < d = 100 than in the 
groups 5 < d= 20, and thus the increase in variance is not directly dependent on the 
dimensions for diameters of more than 5 mm. 
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Fig. 54.60=0,= 80 kg/mm?. 
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Fig. 55. 80< 0,=100 kg/mm?. 


Fig. 56. 100< o,=150 kg/mm2. 


Figs. 51-56. Dispersion in X according to the modified Neuber-Kuhn theory (NKS) for 
materials with different yield points, os. 


x according to Lehr. 


TABLE 11 
Yield point, Os Kt) 3-40 40-60 60-80 80-100 100-150 
Histogram, Fig. 51 52 53 54 55 56 ii 
Number of bars 143 224 148 109 142 123 4 
Mean, X 0.833 0.796 0.829 0.783 0.780 0.765 
Variance, 6? 0.0168 0.0203 0.0326 0.0226 0.0227 0.0394 
F . 1.2 1.94 1.35 1.35 2.35 
p ‘ 12 0.05 5 4 0.05 


Yield point of the tested materials 
When making a direct comparison between hardened and non-hardened steels (Table 
6), it was not possible to detect any difference in the dispersion between the two 
categories. With later comparisons (Table 7 and, above all, Table 8) a significant 
difference has occurred, however, in the dispersion in X for the two categories of 
steel. The variance for hardened steels is greater than for non-hardened steels. 


The following investigation was carried out to see whether this difference was in any 
way related to the yield point of the materials. All the test bars included in Tables 3 
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and 4 were divided into the following “yield-point groups”: os = 30, 30 <os = 40, 
40 < a5 £60, 60<os £80, 80<e5 £100, 100<as = 150. 


A histogram of the distribution in X was made for each of the groups (Figs. 51-56). 
As usual, the mean and variance were calculated for these histograms and a variance 
ratio test was performed (Table 11). 


With regard to the variance, the six histograms can be divided into two groups both 
differing significantly from each other. Since the larger variance is to be found both 
at 40 < os = 60 and 100 <os = 150, it is not possible to observe any special trend in 
the relationship between the yield point and the dispersion in X. 


INVESTIGATION OF THE ACCURACY OF fix» 


Up to now, the accuracy of fs: has been investigated without it being possible to 
find any direct weak link in the theories. It is true that occasional significant devia- 
tions between the large population and a certain group could be established, but 
closer investigations do not generally point to any clear-cut conclusions. The influence 
of each factor has indeed been examined individually, but it is hardly likely that a 
better result would have been obtained even with an accurate comparison performed 
simultaneously of all the influencing factors, which are independent of one another, 
in the form of a higher factorial comparison. 


Hitherto the investigations have been limited to the examination of possible causes 
for errors in Pes. Since the dispersion in X is influenced to exactly the same degree by 
the accuracy of Bexpas of Bes, it was considered desirable first to check exp before 
carrying out any further work on f.s:. As has already been mentioned, the number 
of specimens in the different Wohler curves varied considerably, ranging from 2 up 
to about 30, and this probably had a very pronounced influence on the accuracy with 
which /-xp was determined and consequently on the dispersion in X. For the purpose 
of studying more closely the influence of the number of specimens per Wohler curve, a 
selection was made from each of the populations in Tables 3 and 4 of the bars where 
the fatigue limits had been determined with more than 5 specimens per Wohler curve. 
This resulted in a population of 69 bars being obtained from Table 3 and a popula- 
tion of 53 bars from Table 4, comprising in both cases mainly bars with groove 
subjected to a bending stress. The histograms for the new populations are shown in 
Figs. 57 and 58. If these are compared with the histograms for Tables 3 and 4, Figs. 
24 and 27, the greatly decreased dispersion is immediately apparent. The result of 
the usual variance ratio test is shown in Table 12. For the sake of comparison, this 
Table also includes the original population from Table 1 (Fig. 19). 


The dispersion for non-hardened steels decreases to such an extent that the deviations 
from both histograms in Figs. 19 and 24 are of significance, with the possible excep- 
‘tion of the histogram in Fig. 19. The dispersion for hardened steels, on the other 
hand, has not decreased sufficiently to be of any significance. This result gives grounds 
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Figs. 19, 24, 57, 27, 58. Com- 
parison of the dispersion in X 
Jor populations with varying 
accuracy in the experimentally 0 


determined notch factor, B ,.»- Fig. 27. Total number of bars=493. Fig. 58. Total number of bars=53. 


TABLE 12 

Material Non-hardened steels Hardened steels 

Method NKS | NKS | NKS NKS NKS 
Histogram, Fig. 19 24 57 27 58 
Number of bars 153 476 69 493 53 
Mean, X 0.834 0.791 0.860 0.784 0.892 
Variance, 6? 0.0161 0.0280 0.0097 0.0293 0.0221 
F 1.66 2.9 * 3.02 2.28 
p 1 0.05 a 0.05 0.05 
p ~ 10 


for believing that the number of specimens per Wohler curve, that is to say, the 
accuracy with which /,x» is determined, is of decisive importance for the dispersion 
in X, in other words, a decisive factor when checking the accuracy of the different 
theories for determining /,;:. For this reason, therefore, a larger test series was com- 
menced at the Asea laboratories in Vasteras and Stockholm, partly with the intention 
of making a careful check of different £.s:-values with the aid of accurately determined 
fatigue strength for the more usual standard steels. Between 25 and 30 specimens were 
selected for each Wohler curve. At present, 14 xp-values are available. In addition, 
a further 4 £,.x»-values with more than 20 specimens per Wéhler curve have been 
traced in the literature. As usual, a histogram was made for this population of 18 bars, 
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Figs. 59-68. Comparison of the dispersion in X based on tests 
with higher accuracy in the experimentally determined notch 
factor, Bex»: 
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and the mean value and variance were determined. Of this population, 11 bar types 
with a diameter of 10 mm have been tested in a rotating-bending machine of cantilever 
type, 4 bar types in another similar machine, 2 bar types with a diameter of 7.5 mm 
in an Amsler UHF pulsator, and 2 bar types with a diameter of 40 mm in a rotating- 
bending machine. It has not been possible to observe any significant deviation in X 
between the different test series. Different types of notch have also been investigated. 
None of these notch types has in any way deviated from the others, despite the fact 
that the a-values varied from 1.3 to 5.1. 


The variance decreased in such a pronounced manner for this small population that 
it was found to be significantly less than even that for the population of the histo- 
gram in Fig. 7. From this it should be apparent that the accuracy with which fexp is 
determined is of the greatest importance when seeking the most accurate theory for 
determining f,;;, that is, if the selection is made as above by establishing the variance 
X = Bexp/Best. For this reason, therefore, it was considered necessary to repeat once 
again the complete comparison between all the described theories. Histograms were 
made as usual for each of the theories. These are to be found in Figs. 59-68. Data for 
the usual variance ratio test are given in Table 13. From this Table it is evident that 
the “NKS” theory still yields the smallest variance, followed by the “N and K” and “N 
and H” theories. Data for the “NHS” theory were also calculated, and the mean value 
X = 0.882 and the variance 6? = 0.0047 were obtained. The variance is thus larger 
than for the “N and K” theory, and consequently the “NHS” theory has not been 
included in the Table. The theories according to “L”, “REP”, “B and T”, and “CP” 
can be eliminated. All the theories based on Neuber and, in addition, the “S and S” 
theory have such small differences with regard to 0? that the variations may possibly 
be due to chance. Since the “NKS” theory, however, with only one exception, has 
displayed the smallest dispersion for nearly all the comparisons, it can be considered 
most likely that this theory will yield the most reliable agreement between fs: and Pexp 
and can thus be accepted as being suitable for calculating notch factors when a machine 
part is to be dimensioned for fatigue. 


The results from Table 13 diminish the values of the comparisons in Tables 7-11, 
since these contain /,xp-values which have not been determined with satisfactory 


TABLE 13 


Material Non-hardened steels 
Method L | N | REP B and T| cP | S and s N and M|N and K|NandH}| NKS 


Histogram, Fig. | 59 60 61 62 63 64 65 66 67 68 
Number of bars | 18 17 18 18 18 18 18 18 18 18 


Mean, X 1.462 | 1.005 |0.972 |1.066 {1.006 {0.906 | 0.910 | 0.901 | 0.882 | 0.898 
Variance, 6? 0.0345 | 0.0072 |0.0194 |0.0230 |0.0197 |0.0077 | 0.0071 | 0.0039 | 0.0062 | 0.0036 
F 9.7 20 |2.2 2.0 1.1 1.74 


p < 0.05} 8 0.06 |< 0.05)0.05 [5.5 8 40 13 
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Fig. 69. The surface-finish fatigue factor, x, according to Gaier, as a function of the profile 
depth. 


accuracy. Until a sufficient number of accurate /-xp-values have been determined or 
until the nature of fatigue has become sufficiently well known, the comparisons made 
can give nevertheless a certain idea of how the accuracy of the selected theory 
(“NKS”) is to be judged. 


INFLUENCE OF THE PROFILE DEPTH ON THE FATIGUE STRENGTH 


Up to now, the same profile depth factor x has been used in all the histograms, 
namely that proposed by Lehr. In a recently published dissertation, Gaier [62] has 
put forward, however, a new method of taking into account the influence of the 
profile depth on the fatigue strength. Fig. 69 contains a family of curves for * according 
to Gaier. The populations in Figs. 57 and 58 were chosen to investigate which of 
these methods is the most reliable. A selection was made of the bars from the two 
populations for which Lehr and Gaier give different values of x. In this way, 21 bars 
were obtained from each of the histograms in Figs. 57 and 58, and one histogram 
was made for each of these with x according to Lehr and one with x according to 
Gaier. These are shown in Figs. 70, 71, 72 and 73. The result of the variance ratio 
test is given in Table 14. 


A very small improvement was obtained in both cases with x according to Gaier, but 
this is very probably due to chance. Since Gaier's x-values are slightly simpler to use, 
his theory may be considered preferable. 


INFLUENCE OF THE GROOVE ANGLE ON THE DISPERSION IN X 


Table 3 includes in all 286 grooved bars. Of these bars 145 have a groove angle ot 
w +0°. In order to check the influence of Neuber’s factor 7/(1-w) on the disper- 


Figs. 70 and 71. Non-hardened 


0 O05 15X 
Fig. 70. x according to Lehr. 
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X=086 


0 
Fig. 71. x according to Gaier. 


Total number of bars= 21. Total number of bars= 2]. 
Figs. 72 and 73. Hardened steels % Fr 1029 % Fr 1030 
50 
according to NKS. More than | | X-083 
five specimens per Wohler curve. 40 X=088—— 40 
30 30 
20 20 
Figs. 70-73. Comparison between 10 9 
different surface-finish fatigue . 
factors, x. 
0 Os 10 15 X 0 os 410 15 X 
Fig.72. x according to Lehr. Fig. 73. % according to Gaier. 
Total number of bars= 35. Total number of bars= 35. 
TABLE 14 
Material Non-hardened steels Hardened steels 
NKS NKS NKS NKS 
Mathed Lehr Gaier Lehr Gaier 
Histogram, Fig. 70 71 72 73 
Number of bars 21 21 21 21 
Mean, X 0.87 0.86 0.88 0.83 
Variance, 6? 0.0073 0.0069 0.0184 0.0174 
F 1.06 4 1.06 7 
p 45 45 


sion in X, X-values of these 145 bars were recalculated with this factor, and the two 
populations were compared with each other. The population without 2/(a-) gives 
a slightly larger variance, 62 = 0.0405 in comparison with 0.0374 for the population 


with the factor 7/(a-w). 


The variance ratio becomes 1.08 and the significance level p becomes about 30 per 
cent, that is to say the improvement resulting from 2/(2-w) is very insignificant. 


In order to investigate the influence of the groove-angle correction on the dispersion 
in X for the “NKS” theory, that part of the population from the histogram in Fig. 68 
where @ #0 was studied. The population comprised 8 bar types. This resulted in 


= 
% Fr 1027 % 
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62 = 0.0032 being obtained without correction and 6? = 0.0046 with correction, that 
is to say, by applying the formula 
p= +1 

The correction brings about an increase of 62, but the variance ratio becomes only 
1.44, which gives p = 32 per cent. This means that the deterioration can be attributed 
to chance. Since the factor 2/(” -w) involves, however, a more complicated formula, 
it is proposed that it should be rejected. Kuhn and Hardrath suggest too that the 


factor 2/(2-w) should be rejected when determining / [10]. 


CONCLUSION 


An attempt has been made to select the most accurate of the different theories 
available for calculating the notch effect. In the course of this, the f-values from 
fatigue tests, Bexp, have been compared with f-values determined according to the 
different theories, B.s:. The best theory has been considered to be the one yielding 
the smallest dispersion in X = Pexp/Bess. More than 1000 experimentally determined 
notch factors f.xp have been used in the tests. The great majority of these values 
have been obtained from the available literature, but a number of /xp-values have 
also been determined at the Asea laboratories in Vasteraés and Stockholm. In this 
latter case, the number of bars per Woéhler curve amounted to between 20 and 30, 
and consequently rather accurate f-xp-values were obtained. With four exceptions, it 
has not been possible to achieve this high accuracy with the large population of 
1000 fexp-values. In order to avoid calculating 1000 #.s:-values for each of the 
investigated theories, a series of comparative tests (Tables 2 and 5) was carried out 
on arbitrarily selected populations, after which a more thorough test was made on 
those theories which gave evidence of the best results during the first experiments. 
(Tables 6, 12 and 13.) The following conclusions can be drawn from the comparisons. 


1. The theories based on Neuber’s formula for determining # displayed the smallest 
dispersion in X, that is to say, the best agreement between fexp and fesr. The best of 
these theories based on Neuber proved to be the one where the material constant 0° 
has been formulated as a function of the yield point 6s. This theory (“NKS”) differed 
in a significant manner from some of the other theories. The departure from the other 
theories could be attributed to randomness. Since the “NKS” theory has given evidence 
of the smallest dispersion, it can be considered, nevertheless, to be the most suitable 
one for application when a part is to be dimensioned for fatigue in the presence of 
notches. 


2. The dispersion in X for the “NKS” theory is significantly larger for hardened than 
for non-hardened steels, which gives reason to believe that the hardened steels are 
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affected by other factors than those which are taken into consideration by Neuber's 
formula for 6 with modifications according to the “NKS” theory. (Tables 6, 10, 12 
and 14.) 


3. The number of test bars in the different Wéhler curves, that is to say, the accuracy 
with which {xp has been determined, is of significant importance for the dispersion 
in X. Thus, the dispersion in X for a population of 69 bars, where each Wohler curve 
contains more than 5 bars, is significantly less than the dispersion for populations con- 
taining 153 and 476 bars, respectively, without this restriction (Table 12). The differ- 
ence between the corresponding populations for hardened steels is hardly significant. 
The dispersion in X for non-hardened steels for a population containing 18 bars with 
more than 20 specimens in each Wohler curve is significantly less than the dispersion 
for the above-mentioned population of 69 bars with more than 5 specimens per 
Wohler curve. (Table 13, Fig. 68.) A corresponding comparison is lacking for hardened 
steels. 


4. In the preceding paragraph mention was made of two “NKS” populations con- 
taining 153 and 476 bars, respectively, for which the dispersion was significantly larger 
than for a population with accurately determined Wéhler curves. It turns out, fur- 
thermore, that these two populations differ significantly without any restrictions from 
each other with regard to the dispersion in X. Since the smaller population has been 
arbitrarily selected from the larger one, attempts were made to find the possible 
explanations for the significant difference in the dispersion. These included investiga- 
tions to see whether the dispersion varies for different types of stress concentration 
or stress, for different dimensions of test bar, or whether the dispersion varies with 
increasing values of the yield point of the tested material. No significant results, 
however, were obtained (Tables 7-11). 


5. The accuracy of the theoretical stress-concentration factor, a, naturally influences 
also the dispersion in X. The reason for the difference in the dispersion between the 
two populations investigated in paragraph 3 might also be related to errors in a. 
After making a more thorough examination, it became apparent also that the a-values 
for a considerable proportion of the population containing 476 bars were greater 
than 4, and that these to a large extent were to be found in the interval X less than 
0.6. The increased dispersion in X ought thus to be due to the fact that the a-values 
greater than 4 are too high so that the corresponding f-values are also too high, 
resulting in too low X-values. Against this assumption, however, it can be said that 
in the population of 18 bars where more than 20 specimens are included in the Wéhler 
curves there are three a-values of 4.7, 4.7 and 5.1, respectively, and the corresponding 
X-values are in the middle of the population. 


6. When calculating £, it does not appear necessary to take into consideration whether 
the angle in a notch deviates from 0°, which Neuber states should be done. This has 
already been pointed out by Kuhn. 
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7. The influence of the profile depth can be compensated by adopting a factor x for 
which both Lehr and Gaier have given curves (Table 14). Both these curves are 
similar; it is true that Gaier’s curve displays a slightly smaller dispersion in X, but 
the difference is not significant. Gaier’s curve may be preferred, since his x-values are 
slightly simpler to apply. 


APPLICATION 


The International Institute of Welding has made a number of comments in a recently 
published document about the safety factor and efficiency of welded joints subjected 
to static forces [79]. Most of the concepts in this document can be applied also, with 
suitable modifications, to machine parts subjected to fatigue stresses. For this purpose, 
the strength, C, of the part is calculated. Such a calculation is based on, for example, 
the fatigue strength of the material used, dp, the stress-concentration factor, a, deter- 
mined with regard to the shape of the part, and from this also the fatigue-notch 
factor, /, the influence of the surface-finish fatigue factor, x, and the influence of the 
dimensional fatigue factor, 4. 


Since all these values, 6p, 8, x and 4, are based on empirical results, they are naturally 
not exact, but consist, in principle, of a mean value and a dispersion around this 
value. Information about these different values must be obtained from various sources. 
Thus, fatigue tests will provide information about the mean value of the fatigue 
strength 0p and the dispersion of the individual values around this mean value. The 
accuracy of the factors 8, x and 4 can be obtained from this paper. The accuracy of 4 
has not been checked with the same precision as for f and x, since the necessary data 
for this are lacking. If 6 is determined according to the “NKS” theory, and * and 4 
according to Figs. 6 and 7, respectively, the total effect of these factors will be on the 
average slightly too high, namely 1/0.898 = 1.11 times (Table 13, column “NKS”). 
The dispersion of these factors together can be obtained from the same Table, namely 
V 0.0036 = 0.06. These two values apply to carbon steels. For hardened steels a disper- 
sion of 0.09 and a correction factor of 1/0.898 = 1.12 (Table 12) would probably be 
more correct (Figs. 57 and 58). These conclusions assume that the results of the 
investigations are representative also for a large population. 


The factors influencing C can be combined to form a mean value of the strength (C) 
and dispersion (Gc) around this value (Fig. 74, where for the sake of simplicity a 
normal distribution has been assumed). 


In the same way, the “load”, L, is assumed to comprise a similar normal distribution 
(L, 6,, see Fig. 74). It would then be possible to use the four quantities ran 6c, L and 6, 
for determining a suitable relationship between C and L. Assuming normal distribu- 
tions, the governing factor would be given by 
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Relative frequency Fr 1031 
4 
Fig. 74. Relationship be- 
tween strength, C, load, 
L, and fracture risk. 4: —_ 
L | Cc Cand L 


In the case of a part where a fracture due to fatigue would lead to serious con- 
sequences, the expression C -L is selected so that a sufficiently low fracture risk is 
obtained. On the other hand, in the case of a component where a certain percentage of 
fatigue failures can be tolerated, a lower value of C-L is selected. An optimum 
dimensioning can thus be obtained with regard to both price and suitability. 


According to conventional tables of normal distributions, a value of (Cc -L)/é = 1.28, 
for example, will give a fracture risk of 10™!, whereas a corresponding value of 4.75 
gives the fracture risk 10°. 


The application of the above-mentioned principles presents, in practice, certain diffi- 
culties, among which one of the most important is that the load very seldom has a 
constant amplitude, mean value and frequency. On the contrary, machine parts are 
generally subjected to repeated stresses of varying amplitude under a mean stress 
level, which is also varying. Furthermore, certain parts are subjected to occasional 
stresses over and above the fatigue strength. The endurance strength under such condi- 
tions will differ from that obtained at constant stress amplitude. 


If machine parts subjected to such fatigue are to be correctly dimensioned, it is 
essential both that the proliem of cumulative damage is solved and that information 
is obtained concerning the load spectrum for different types of dynamically loaded 
design. 


Much research is being devoted to the problem of cumulative damage [80]. Load 
spectra are also being investigated in an increasing number of fields. Comprehensive 
results are already available from investigations performed on aircraft and vehicles 
[81]. Consequently, information about L and 6, is accumulating now within these 
fields, and similar work on cranes is being prepared by, for instance, the International 
Institute of Welding. 


Provided that these investigations lead to practical results, it will be possible, there- 
fore, to dimension a structure or machine part according to the principles indicated 
in this paper. The advantage of the new principles is that it will be possible to obtain 
an idea of how the individual factors, including their dispersions, influence the dimen- 
sioning. Such knowledge enables the above-mentioned factor (C -L)/6 to be deter- 
mined according to statistical rules. The result will be that the structure or machine 
part will be adequately dimensioned both from the economic and the strength points 
of view. 
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SUMMARY 


The fatigue strength of a machine part depends on a number of factors. Among these 
may he mentioned the type of stress (load spectrum), the desired life (number of 
load variations to fracture), the size and shape of the section under stress, the profile 
depth, the surface finish, and, finally, the quality of the material used for the part 
and the treatment to which this material has been subjected. 

The influence of these factors cannot be calculated, but must be determined on the 
basis of empirical results. Attempts have been made by applying such results to formu- 
late rules which will enable the influence of the different factors to be taken into con- 
sideration. Interest has been mainly concentrated to the dependence of fatigue strength 
on stress concentrations (notch effect). 

The present paper gives an account of an attempt made to compare various formulae 
for calculating the notch effect resulting from stress concentrations in the form of 
notches, fillets and holes. In order to make this comparison impartial, it has been 
performed with the aid of statistics. Since the data forming the basis of the theories 
and the investigation are empirical, the result cannot naturally be exact. The testing 
machines yield certain errors, and this must be considered. The accuracy of each of 
the theories is given in the form of a mean value and a dispersion. When evaluating 
the theories, preference is given to that one having the smallest dispersion. 

The paper shows that the best theory has been formulated by Neuber. With certain 
modifications suggested by Kuhn and Hardrath, and others, this theory yields such a 
good accuracy that the uncertainty expressed as a best estimate of the dispersion of a 
calculated value of the notch factor will be about 6 per cent for normal carbon steels 
and about 9 per cent for hardened steels. 

On the basis of this result, a method of calculation developed with statistical reasoning 
is described. Provided that both the load and the strength of a part can be expressed 
each with its mean value and its dispersion, it is possible to select the most economical 
safety factor (ratio between the strength and the load). A low safety factor results in, 
for example, small dimensions at a low price, but a high risk of fracture. When making 
such calculations, it is assumed that the dispersion in the fatigue strength, the accuracy 
when determining the notch factor, the load spectrum of the machine part being 
designed, etc., are known. 

The importance of all the investigations being performed with sufficient care became 
clearly apparent during their evaluation. Thus, for example, the Wéhler curves on 
which the empirical data are based must originate from a sufficiently large number of 
test specimens. A significant difference was established between results from, on the 
one hand, test series having a small number of specimens per Wohler curve (> 5) and, 
on the other hand, from those test series having more than 20 specimens per Wohler 
curve. 
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RESUME 


La résistance 4 la fatigue de piéces mécaniques dépend de nombreux facteurs. Parmi 
ces facteurs, il faut citer le genre de sollicitation, la durée de vie que l'on désire obtenir 
(nombre de cycles de charge avant rupture), les dimensions et la forme de la section 
sollicitée, la profondeur du profil, le traitement superficiel du matériau et finalement 
le genre de matériau et le traitement qu'il a subi. 

Il est impossible de fixer par le calcul l'influence de ces facteurs et il faut avoir recours 
a des données empiriques. En se basant sur ces données, plusieurs auteurs ont tenté 
d’établir des régles de calcul qui permettent de tenir compte des différents facteurs. 
L’intérét s'est surtout porté sur l'influence de concentrations existantes de tensions 
(effet d’entaille) sur la résistance 4 la fatigue. 

La présente étude a pour objet de comparer quelques formules de calcul de !'action 
locale qui résulte de concentrations de tensions au droit de gorges, d’épaulements et 
de trous. Pour que la comparaison soit impartiale, elle a été effectuée par des moyens 
statistiques. Comme la base des théories et des recherches est empirique, le résultat 
ne peut évidemment étre exact. Entre autres, interviennent les imperfections des 
machines d’essai utilisées. La précision de chacune des théories est caractérisée par une 
valeur moyenne et une dispersion, et on accorde la préférence 4 la théorie qui donne 
la dispersion la plus réduite. 

On constate que la meilleure théorie est celle qui a été établie par Neuber. Avec 
certains compléments, notamment de Kuhn et Hardrath, cette théorie donne une préci- 
sion telle que I’insécurité exprimée sous forme de la meilleure estimation de la disper- 
sion d'une valeur calculée du facteur de localisation est d’environ 6% pour I'acier 
au carbone ordinaire et d’environ 9 % pour I'acier trempé. 

En partant de ce résultat, l’auteur esquisse une méthode de calcul basée sur un raisonne- 
ment statistique. En supposant que la charge ainsi que la résistance d'une piéce 
mécanique puissent s’exprimer chacune par une valeur moyenne et une dispersion, on 
peut choisir le coefficient de sécurité (rapport entre la résistance et la charge) de la 
facon la plus économique. Un faible coefficient de sécurité donne p. ex. des dimensions 
réduites et peu cotiteuses mais un grand risque de rupture. Le calcul suppose notam- 
ment que I’on connait la dispersion de la résistance (résistance a la fatigue), la préci- 
sion de calcul du facteur de localisation et le genre de sollicitation de la piéce calculée. 
L'étude montre clairement qu'il importe que toutes les recherches soient effectuées 
avec un soin suffisant. C’est ainsi p. ex. que les courbes de Wohler sur lesquelles sont 
basées les données empiriques doivent étre relevées sur un nombre suffisant d’éprou- 
vettes. Une différence importante apparait entre le résultat obtenu, d’une part avec un 
faible nombre d’éprouvettes (< 5) par courbe de Wohler et d’autre part, avec plus de 
20 éprouvettes par courbe de Wohler. 
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ZUSAMMENFASSUNG 


Die Dauerfestigkeit einer Konstruktion hangt von einer Anzahl verschiedener Faktoren 
ab. Hierzu gehéren Belastungsart (Lastspiel) und geforderte Lebensdauer (Anzahl der 
Lastwechsel bis zum Bruch), GréBe und Form des belasteten Querschnittes, Rauhtiefe, 
Oberflachenbehandlung des Materials und schlieBlich Art des Werkstoffes und seine 
Vorbehandlung. 

Der EinfluB dieser Faktoren kann nicht errechnet, sondern nur empirisch ermittelt 
werden. Unter Zugrundelegung bereits vorhandener Ergebnisse wurde eine Reihe von 
Untersuchungen vorgenommen, um Berechnungsformeln aufstellen zu kénnen, die den 
EinfluB der verschiedenen Faktoren beriicksichtigen. Das Hauptinteresse galt hierbei 
der Abhangigkeit der Dauerfestigkeit von auftretenden Spannungskonzentrationen 
(Kerbwirkung). 

Der vorliegende Aufsatz beschreibt einen Versuch zum Vergleich verschiedener 
Formeln fiir die Berechnung der Kerbwirkung, die durch Spannungskonzentrationen 
infolge von Einschnitten, Absatzen und Bohrungen auftritt. Um den Vergleich objektiv 
zu gestalten, wurde er mit statistischen Mitteln durchgefiihrt. Da die Theorien und 
die Untersuchung selbst auf empirischen Werten fuBen, kann das Versuchsergebnis 
natiirlich nicht exakt werden. Fehlerquellen treten u. a. in den verwendeten Priif- 
maschinen auf. Die Genauigkeit jeder einzelnen Theorie wird deshalb durch Mittel- 
wert und Streuung bestimmt, und bei der Auswertung wird der Theorie mit der 
geringsten Streuung der Vorzug gegeben. 

Es zeigt sich, dab die beste Theorie von Neuber aufgestellt worden ist. Mit bestimmten 
Erweiterungen u. a. von Kuhn und Hardrath ergibt diese Theorie eine so gute Genauig- 
keit, daB die Unsicherheit, ausgedriickt als bester Schatzwert der Streuung fiir einen 
errechneten Wert des Kerbfaktors, fiir normale Kohlenstoffstahle etwa 6% und fir 
gehartete Stahle etwa 9 % betragt. 

Von diesen Ergebnissen ausgehend wird eine statistische Berechnungsmethode ange- 
geben. Unter der Voraussetzung, daB sich sowohl Belastung als auch Festigkeit einer 
Konstruktion je durch ihren Mittelwert und ihre Streuung ausdriicken lassen, kann 
der Sicherheitsfaktor (Verhaltnis zwischen Festigkeit und Belastung) nach wirtschaft- 
lichen Gesichtspunkten gewahlt werden. Ein niedriger Sicherheitsfaktor bedeutet z. B. 
geringe Abmessungen und damit niedrigen Preis, jedoch erhéhte Bruchgefahr. Die 
Berechnung setzt u. a. voraus, dab die Streuung der Dauerfestigkeit, die Genauigkeit 
bei der Bestimmung des Kerbfaktors und das Lastspiel fiir die berechnete Konstruktion 
bekannt sind. 

Aus der Auswertung ging einwandfrei hervor, wie wichtig es ist, alle Untersuchungen 
mit geniigender Sorgfalt durchzufiihren. Die Wohlerkurven z.B., auf denen die 
empirischen Werte beruhen, miissen mit einer ausreichenden Anzahl von Probestaben 
aufgenommen werden. Zwischen den Ergebnissen von Versuchen mit einerseits einer 
geringen Zahl (<5) von Probestaben je Wohlerkurve und andererseits mehr als 
20 Staben je Wohlerkurve trat ein signifikativer Unterschied auf. 


‘ 
i 


41 


REFERENCES 


17. 


18. 


23. 


Liljeblad, R., An investigation of the fatigue of metals due to locally concentrated stresses. 
Publication No. 47 issued by the Royal Swedish Academy of Engineering Sciences, Stock- 
holm, 1926. 


. Neuber,H., Kerbspannungslehre. Springer, Berlin, 1937 (2 ed. 1958). 


Peterson, R. E., Stress concentration factors. Wiley, New York, 1953. 

Bollenrath, F., Troost, A., Wechselbeziehungen zwischen Spannungs- und Verformungs- 
gradient, III. Arch. Eisenhiittenwesen 23 (1952): 5/6, pp. 193-201. 

Petersen, C., Die Vorgange im ziigig und wechselnd beanspruchten Metallgefiige, III. Zeit- 
schrift fiir Metallkunde 42 (1951):6, pp. 161-170. 

Petersen,C , Die Gestaltungsfestigkeit von Bauteilen. Zeitschrift VDI 94 (1952): 30, 
pp. 977-92. 

Petersen, C., Die praktische Bestimmung von Formzahlen gekerbter Stabe. Forschung 17 
(1951): 1, pp. 16-20. 

Siebel, E., Stieler,M., Ungleichférmige Spannungsverteilung bei schwingender Bean- 
spruchung. Zeitschrift VDI 97 (1955):5, pp. 121-126. 

Kuhn, P., Effect of geometric size on notch fatigue. In: Colloquium on Fatigue, Stock- 
holm 1955. Proceedings, pp. 131-140. (Springer, Berlin 1956.) 

Kuhn, P., Hardrath,H.F., An engineering method for estimating notch-size effect in 
fatigue tests on steel. Washington 1952. (National Advisory Committee for Aeronautics, 
NACA, Technical Note 2805.) 


. Moore, H.F., A study of size effect and notch sensitivity in fatigue tests of steel. ASTM 


Proc. 45 (1945), pp. 507-531. 


. Heywood, R. B., Stress concentration factors. Engineering 175 (1955): 4645, pp. 146-148. 
. Hiitte, Des Ingenieurs Taschenbuch I, 28 ed., Ernst & Sohn, Berlin, 1955, pp. 960-964. 


Thum, A., Kirmser,W., Uberlagerte Wechselbeanspruchungen. VDI-Forschungsheft Nr. 
419, 1943, pp. 14-33. 

Odgvist, F. K.G., Nilsson, R., Niordson, F., Formelsamling i hallfasthetslara. (Formulae 
for strength of materials.) Institutionen fér hallfasthetslara, Kungl. Tekn. Hégskolan 
(Royal Institute of Technology), Stockholm, 1952. (In Swedish.) 

Odgvist, F. K. G., Hallfasthetslara. (Strength of Materials.) Natur och Kultur, Stockholm, 
1948. (In Swedish.) 

VDI Arbeitsblatter. Nr. 1, Dauerfestigkeits-Schaubilder, 1933. Nr. 2, Dauerfestigkeits- 
Schaubilder von Kohlenstoff-Stahlen, 1933. Nr. 3 und 4, Dauerfestigkeits-Schaubilder von 
Chrom-Nickel-Stahlen, 1934. 

Agerman, E., Spanningsgradientens inverkan pa utmattningshallfastheten. (The influence 
of stress gradients on fatigue strength.) Internal Asea Report, TM 7396, 1952. (In 
Swedish.) 

Lehr, E., Maildnder, R., Einflu8 von Hohlkehlen an abgesetzten Wellen und von Quer- 
bohrungen auf die Biegewechselfestigkeit. Zeitschrift VDI 79 (1935): 33, pp. 1005-1011. 
Morkovin, D., Moore, H.F., On the effect of size of specimen on fatigue strength of 
three types of steel. ASTM Proc. 42 (1942), pp. 145-153; 43 (1943), pp. 109-124. 


. Moore, H. F., Jordan, R. L., Stress concentration in steel shafts with semicircular notches, 


5th Intern. Congr. Appl. Mech., Proc. 1939, pp. 188-192. 

Peterson, R. E., Wahl, A.M., Two- and three-dimensional cases of stress concentration 
and comparison with fatigue tests. Trans ASME 58 (1936): 3, pp. Al5-A22. 

Horger, O. J., Buckwalter,T. V., Neifert,H.R., Fatigue strength of 514-in-diam. shafts 


as related to design of large parts. Trans ASME 67 (1945), pp. Al49-A155, 68 (1946), 
pp. Al65-A166. 


= 

2 

3. 

4. 
5. 
8. 
9. 
10. 
13 
14. 

15. 
16. 
= 
: 
| 19. 
20. 


S38 


43. 


45. 


Peterson, R. E., Model testing as applied to strength of materials. Applied Mechanics 
1 (1933): 2, pp. 79-85. (ASME Trans. 1933, APM 55-11.) 


. Herold, W., Versuche iiber Drehschwingungsfestigkeit abesetzter, genuteter und durch- 


bohrter Wellen. Zeitschrift VDI 81 (1937): 18, pp. 505-509. 


. Lissner,O., Drag-tryck-utmattningsférsék pa mjukt kolstal med cylindriska och skarade 


stavar under olika dragférbelastningar. (Push-pull fatigue experiments on cylindrical and 
notched bars of mild carbon steel at different tensile pre-loads.) Internal Asea Report, 
TM 7314, 1949. (In Swedish.) 

Hempel, M., Einflu8 der Beanspruchungsart auf die Wechselfestigkeit von Stahlstaben mit 
Querbohrungen und Kerben. Arch. Eisenhiittenwesen 12 (1938/39): 9, pp. 433-444. 
Peterson, R. E., Fatigue of shafts having keyways. ASTM Proc. Part I, 32 (1932), pp. 
413-420. 

Moore, H. F., Effect of grooves, threads, and corrosion upon the fatigue of metals. ASTM 
Proc. Part II, 26 (1926), pp. 255-280. 

Timoshenko, S., Stress concentration produced by fillets and holes. 2nd Int. Congr. for 
Appl. Mech., Proc. 1926, pp. 419-426. 


. Buchmann, W., Die Kerbempfindlichkeit der Werkstoffe. Forschung 5 (1934): 1, pp. 39-41. 


Thum, A., Bruder, E., Dauerbruchgefahr an Hohlkehlen von Wellen und Achsen und ihre 
Verminderung. Deutsche Kraftfahrtforschung, (1938): 11, pp. 1-10. 


. Dolan,T.J., Yen,C.S., Some aspects of the effect of metallurgical structure on fatigue 


strength and notch sensitivity of steel. ASTM Proc. 48 (1948), pp. 1-32. 

Schaub, C., Utmattningshallfasthet och halkanslighet hos smitt respektive valsat axelstal 
ssm 402. (Fatigue strength and notch sensitivity of forged or rolled shaft steel “ssm 402”.) 
Internal Asea Report, TM 6802, 1947. (In Swedish.) 

Luthander, S., Wallgren,G., Utmattningsegenskaperna hos ett Cr-legerat konstruktions- 
stal vid pulserande dragbelastning. (Fatigue properties of a Cr-alloy structural steel 
subjected to a pulsating tensile load.) The Aeronautical Research Institute, Communica- 
tion No. 13, Stockholm 1945. (In Swedish.) 


. Puchner,O., Zur Dauerhaltbarkeit von Formelementen der Welle bei iiberlagerter 


wechselnder Biege- und Wechselbeanspruchung. Schweizer Arch. angew. Wissenschaft u. 
Technik 14 (1948): 8, pp. 217-229. 

Wiegand, H., Scheinost,R., Einflu8 der Einsatzhartung auf die Biege- und Verdreh- 
wechselfestigkeit von glatten und quergebohrten Probestaben. Arch. Eisenhiittenwesen 12 
(1938/39): 9, pp. 445-448. 


. Lissner, O. et al., Internal Asea Report, 1955. 
. Buchner, H., Elasticitétsgrenze von Stahlen. Forschung 9 (1938): 1, pp. 14-17. 


Pomp, A., Hempel, M., Kerbschlagzahigkeit und Zeit- und Dauerfestigkeit zugschwell- 
beanspruchter Voll- und Kerbstaébe verschiedener Stahle. Arch. Eisenhiittenwesen 21 
(1950): 1/2, pp. 67-76. 


. Pomp, A., Hempel, M., Biegewechselfestigkeit von molybdaén- und nickelhaltigen Bau- 


stahlen. Arch. Eisenhiittenwesen 14 (1941): 8, pp. 403-413. 

Pomp, A., Hempel, M., Wechselfestigkeit und Kerbwirkungszahlen von unlegierten und 
legierten Baustahlen bei + 20° und —78°. Arch. Eisenhiittenwesen 21 (1950): 1/2, Pp. 
53-66. 

Ludwik, P., Kerb- und Korrosionsdauerfestigkeit. Metallwirtschaft 10 (1931): 37, pp. 
705-710. 

Kérber, F., Hempel, M., Zugdruck-, Biege- und Verdrehwechselbeanspruchung an Stahl- 
staben mit Querbohrung und Kerben. Kaiser Wilhelm Institut fiir Eisenforschung, Mitt. 
21 (1939), pp. 1-26. 

Wellinger, K., Ermittlung der Schwingungsfestigkeit von Schweifverbindungen. Schweifen 
und Schneiden 7 (1955): 9, pp. 392-396. 


42 
25 
26 
27. 
4 28. 
29. 
30. 
* 
33 
34. 
35. 
42. 
= 
| = 


49. 


43 


Horger, O. J., Neifert, H.R., Fatigue properties of large specimens with related size and 
statistical effects. Symposium on Fatigue with Emphasis on Statistical Approach, II. ASTM 
Special Techn. Publ. No. 137, New York, 1952. 

Lehr, E., Formgebung und Werkstoffausnutzung. Stahl und Eisen 61 (1941): pp. 965-975. 
Mowbray, A. Q. Jr., The effect of superposition of stress raisers on members subjected to 
static or repeated loads. Society for Experimental Stress Analysis, Proc. 10 (1952): 2, 
pp. 153-166. 

Timoshenko, S., Dietz,W., Stress concentration produced by holes and fillets. Trans. 
ASME 47 (1925), pp. 199-239. 

Schneider, W., Beitrag zur Frage der Schwingungsfestigkeit. Stahl und Eisen 51 (1931): 10, 
p. 285. 


. Ludwik, P., Dauerversuche an Werkstoffen. Zeitschrift VDI 73 (1929): 51, pp. 1801-1810. 


Mailander, R., Uber die Dauerfestigkeit von nitrierter Proben. Zeitschrift VDI 77 (1933): 
10, pp. 271-274. 


53. Schwinning,W., Knoch,M., Uhlemann, K., Wechselfestigkeit und Kerbempfindlichkeit 


SS. 


der Stahle bei hohen Temperaturen. Zeitschrift VDI 78 (1934):51, pp. 1469-1476. 
Schwinning, W., Die Festigkeitseigenschaften der Werkstoffe bei tiefen Temperaturen. 
Zeitschrift VDI 79 (1935): 2, pp. 35-40. 

Ude,H., Steigerungen der Dauerhaltbarkeit der Konstruktionen. Zeitschrift VDI 79 
(1935): 2, pp. 47-53. 

Mc Adam, D. J., Clyne, R. W., Influence of chemically and mechanically formed notches 
on fatigue of metals. National Bureau of Standards, J. of Research 13 (1934): 2, pp. 
527-572. 

Sawert, W., Verhalten der Baustahle bei wechselnder mehrachsiger Beanspruchung. Zeit- 
schrift VDI 87 (1943): 39/40, pp. 609-615. 


58. Faulhaber,R., Uber den Einflu& des Probestabdurchmessers auf die Biegeschwingungs- 


59. 


61. 


festigkeit von Stahl. Mitt. aus dem Forschungs-Institut der Vereinigten Stahlwerke AG., 
Dortmund, 3 (1933): 6, pp. 153-172. 

Kaufmann, E., Uber die Dauerbiegefestigkeit einiger Eisenwerkstoffe und ihre Beein- 
flussung durch Temperatur und Kerbwirkung. Springer, Berlin, 1931. 

Haigh, B. P., Fatigue in structural steel. Engineering 138 (1934): 28th Dec., pp. 698-701. 
Hempel, M., Beitrag zur Frage der Wechselfestigkeit bei unterschiedlicher Probengréfe. 
Arch. Eisenhiittenwesen 22 (1951): 11/12, pp. 425-436. 

Buchholtz, H., Schulz, E.H., Zur Frage der Dauerfestigkeit des hochwertigen Baustahles 
St 52. Mitt. aus dem Forschungs-Institut der Vereinigten Stahlwerke AG., Dortmund, 
2 (1931): 6, pp. 97-112. 

Pomp, A., Hempel, M., Vergleichende Untersuchung von nickelhaltigen und nickelfreien 
Stéhlen auf ihre mechanischen Eigenschaften, insbesondere auf ihr Verhalten bei der 
Schwingungspriifung. Kaiser Wilhelm Institut fiir Eisenforschung, Mitt. 19 (1937): 16, 
pp. 221-236. 

Siebel, E., Gaier, M., Untersuchung iiber den Einflu8 der Oberflachenbeschaffenheit auf 
die Dauerschwingfestigkeit metallischer Bauteile. Zeitschrift VDI 98 (1956): 30, pp. 
1715-1723. 


Lissner,O., Svetsbart axelstal fran Fagersta Bruk. (Weldable shaft steel from Fagersta 
Steel Works Co. Ltd.) Internal Asea Report, TM 7998, 1955. (In Swedish.) 

Kullberg, G., Private communication, Asea, 1957. 

Phillips, E., Heywood, R. B., Size effect in fatigue of plain and notched steel specimens 
loaded under reversed direct stress. Inst. Mech. Eng. Proc. 165 (1951), pp. 63-69. 
Agerman, E., Private communication, Asea, 1957. 


= 

46. 
50. 
54. 
= 
56. 
57. 
= 
60. 
= 
62. 
63. 
= 


78. 
79. 


81. 


Wever, F., Hempel, M., Dauerschwingfestigkeit von Stahlen bei erhéhten Temperaturen, 
Teil II. Forschungsberichte des Wirtschafts- und Verkehrsministeriums Nordrhein-West- 
falen. Nr. 312, 1956. 

Demer,L.J., Interrelation of fatigue cracking, damping and notch sensitivity. WADC 
Techn. Report 56-408. ASTIA Document AD 118157. 


. Agerman, E., Private communication, Asea, 1958. 


Martinaglia, L., Einflu& der Formgebung und Werkstoffauswahl auf die Betriebssicherheit 
der Maschinenelemente. Schweizer Arch. angew. Wissenschaft u. Technik 24 (1958): 12, 
pp. 402-406. 


. Eaton, F.C., Fatigue tests of large alloy steel shafts. ASTM Spec. Publ. No. 216, 1958. 
. Linhart, V., Kretschmar,E., Der Einflu&8 der Haftgrundvorbereitungsmethoden fiir das 


Metallspritzverfahren auf die Dauerfestigkeit von Maschinenteilen. Schweiftechnik (Ber- 
lin) 9 (1959): 3, pp. 83-89. 

Lundkvist, H., Undersékning av inverkan pa utmattningshallfastheten fér stal av anlép- 
ningstemperatur, skarpa inskarningar och korrosion genom vattenspolning. (Investigation 
of the influence of the annealing temperature, notches and corrosion on the fatigue 
strength of steel.) Internal Asea Report, TM 3225, 1933. (In Swedish.) 

Internal Asea Laboratory Report 03A 1017, 1958. 


. Internal Asea Report, 1959. 


Rihl, K. H., Tragfahigkeit metallischer Baukérper. Ernst & Sohn, Berlin, 1952. 
Considerations about the safety factor and efficiency of a welded joint and proposed 
definitions. International Institute of Welding, Document XV-85-59. 

Nishihara, T., Yamada,T., Fatigue strength of metals under alternating stresses of 
varying amplitude. Memoirs of the Faculty of Engineering, Kyoto University, Vol. 18 
(1956), No. 3. 

Belastningsstatistik (Load statistics). Report published by Svenska Nationalféreningen fér 
Mekanik (Swedish National Committee of Mechanics), June, 1956. 


This paper was received in December, 1959, and has been published in Asea Research 
4, 1960. 


No. 


aa 
69. 
70. 
73 
74 
75. 
76. 
7 
80. 
= 


i 
| 


i 


LAST ISSUES OF ACTA POLYTECHNICA 
Mechanical Engineering Series 


(the predecessor of Acta Polytechnica Scandinavica) 


Volume 2 

Nr 7 Petersson, S: Investigation of Stress Waves in Cylindrical Steel Bars by Means of Wire Strain 
Gauges. Acta P 118 (1953), 22 pp, Sw. Kr 3: 50 UDC 534.1.08 

Nr 8 Facxemo, C: On the Possibilities of Estimating the Towing Resistance of Ships by Tests with Small 
Models. I. Acta P 122 (1953), 51 pp, Sw. Kr 7: 00 UDC 629.12.072.5.001.57 

Nr 9 Opovist, F: Influence of Primary Creep on Stresses in Structural Parts. ActaP 125 (1953), 18 pp, 
Sw. Kr 2: 50 UDC 539.434 


Nr 10 Oxsson, U: Non-circular Cylindrical Gears. Acta P 135 (1953), 216 pp, Sw. Kr. 18: 00 
UDC 621.833.5.621.834 
Volume 3 


Nr 1 Perrersson, O: Circular Plates Subjected to Radially Symmetrical Transverse Load Combined with 
Uniform Compression or Tension in the Plane of the Plate. Acta P 138 (1954), 30 pp, Sw. Kr 7: 00 


UDC 539.384.4 

Nr 2 Niorpson, F: Vibrations of a Cylindrical Tube Containing Flowing Fluid. Acta P 139 (1954), 
28 pp, Sw. Kr 4: 00 UDC 534.131.2 

Nr 3 Niorpson, F: Vibrations of Turbine Blades with Loose Hinge Support. Acta P 140 (1954), 11 pp, 
Sw. Kr 5: 00 UDC $34.014.1:621-253.5 

Nr 4 Kartsson, K I: Simple Calculation of Deformation and Stress in the Shell of Thin-walled Cy- 
lindrical Vessels. Acta P 162 (1954), 24 pp, Sw. Kr 8; 00 UDC 539.384.6 


Nr 5 Srenerotn, E: On the Transverse Strength of Tankers. Acta P 169 (1955), 104 pp, Sw. Kr 11: 00 
UDC $39.4:629.123.56 
Nr 6 Davinsson, W: Investigation and Calculation of the Remaining Tensile Strength in Wire Ropes 


with Broken Wires. Acta P 174 (1955), 38 pp, Sw. Kr 8: 00 UDC 621.86.065.3:620.172 
Nr 7 Gérz.incER, J, and Jounsson, S: Dynamic Forces in Cranes. Acta P 175 (1955), 34 pp, Sw. 
Kr 8: 00 UDC 621.873.001.2:621.873:351.78 


Nr 8 Scuroper, H: Distribution of the Surface Pressure over the Friction Lining of Brakes with Rigid 
Shoes and Drums, and Efficiency of Such Brakes. Acta P 188 (1956), 44 pp, Sw. Kr 6: 00 
UDC 621-592.629.113 


Nr 9 Farkemo, C: On the Possibilities of Estimating the Towing Resistance of Ships by Tests with 


Small Models. II Acta P 201 (1956), 15 pp, Sw. Kr 5: 00 UDC 629.12.072.5.001.57 
Nr 10 Kartsson, I: On the Stability of the Steel Lining in a Vertical Pennstock Shaft. Acta P 211 (1957), 
22 pp, Sw. Kr 8: 00 UDC 627.8.014.2:627.8.044 


Nr 11 TorrpaHL OLEsEN, H: Calculations on Jog Conveyors. Acta P 220 (1957), 20 pp, Sw. Kr 5: 00 


UDC 621.867.52 
ACTA POLYTECHNICA SCANDINAVICA 
Mechanical Engineering Series 


Me 1 Cotp1nG, B: Testing of Machinability by Radioactive Methods. (Acta P 243/1958) 42 pp. + figs. 
Sw. Kr 7: 00 UDC 621.9.025:620.178.16:539.16.004.14 
Me 2 Kyar, Vicco A: Vertical Vibrations in Cargo and Passenger ships. (Acta P. 244/1958), 52 pp. 
Sw. Kr 7: 00 UDC 534.838.1:629.12.07 
Me 3 Erro, Oravi: Die Ermiidungsfestigheit des Schweissmetalls. (Acta P. 250/1958), 26 pp. Sw. Kr 7: 00 
UDC 539.431.3:669—162:621.791.7 
Me 4 Satoxanaas, J: Die khorrosionsbedingten Ermiidungsbriiche der Pleuelstangen bei Gattersdgen. 
(Acta P. 251/1958), 23 pp. Sw. Kr 7: 00 UDC 620.179.311.8 

Me 5 Ot sson, U: Non-circular Bevel Gears. (Acta P. 256/1959), 191 pp. Sw. Kr 14: 00 
UDC 621.833.5:622.834:515.6 
Me 6 Jaakko SALOKANGAS AND P. LEuTo: On the Fatigue Strength of a Copper Coating Sprayed on 
Steel Bars. (Acta P. 258/1959) 21 pp. Sw. Kr. 7:00 UDC 620.178. 3:621.793-7:669.389 
Me 7 Astrup, Nits CHRISTIAN: Cavitation Erosion on Screw Propellers. (Acta P. 280/1960), 16 pp, 
Sw. Kr. 7:00 UDC 629.12.037:620.193.16 

Me 


8 AcrERMAN, E: Notch Sensitivity in Steel. (Acta P 288/1960), 43 pp, Sw. Kr 7:00 
UDC 539.43:620.178.3 


j 
' 
x 
| 


Price Sw. Kr. 7: — 


UPPSALA 1960 
APPELBERGS BOKTRYCKERI AB 


: 
i 
: 
: 


